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Abstract  
Aiming for investigation of dynamics of biomolecules in terahertz (THz) frequency region, a method 
of coherent Raman spectroscopy using frequency-chirped optical pulses has been developed.  Firstly, 
the principle of the method is explained, and then a few examples of coherent Raman spectroscopy for 
a semiconductor sample (GaSe), as the proof-of-principle demonstration, are presented.  For 
applications to biomolecules, which have smaller Raman activities in general compared to 
semiconductors, it is required to improve the signal-to-noise ratio (SNR) of the measurement with this 
method.  To suppress the non-resonant background, the coherent inverse Raman spectroscopy with 
the polarization-controlled pump has been performed and the resonant optical phonon band of GaSe at 
around 0.65 THz has been clearly observed with a low non-resonant background.  The measurement 
frequency range has been extended from 5 THz to about 15 THz by replacing the pump femtosecond 
laser (~120 fs) with a more short pulse femtosecond laser (~40 fs).  Several techniques for further 
improvement of the SNR are suggested and discussed, such as by using a high-repetition rate (but low 
intensity) femtosecond laser, a balanced signal detection, a differential signal detection with a shaker 


































࠶ࡿ࠸ࡣ⤖ᬗ᱁Ꮚ࡟㟁ሙ E0ࡀ࠿࠿ࡿ࡜ศᴟ Pࡀㄏ㉳ࡉࢀࡿࠋ⥺ᙧ࡞ᛂ⟅ࡢ⠊ᅖ࡛ࡣ Pࡣ E0
࡟ẚ౛ࡍࡿࡢ࡛㸪ࡑࡢẚ౛ಀᩘࢆȘ࡜ࡍࡿ࡜
P =ȘE0                            㸦1㸧





ືࡍࡿศᏊ㸦ࡲࡓࡣ⤖ᬗ᱁Ꮚ㸧࡟㸪ධᑕ㟁ሙ E0 ࡢ᣺ᖜࡀ୍ᐃ࡛࿘ἼᩘࡀZ0 ࡢ࣮ࣞࢨ࣮ගࡀ
ධᑕࡋࡓሙྜ㸪P ࡣධᑕ࣮ࣞࢨ࣮ග࡜ྠࡌ࿘ἼᩘZ0࡛᣺ືࡍࡿᡂศ࡟ຍ࠼࡚㸪Șࡢ᣺ືᩘGZ
࡜ࡢ࿴࿘ἼᩘZ0㸩GZ࠾ࡼࡧᕪ࿘ἼᩘZ0㸫GZ࡛᣺ືࡍࡿᡂศࢆᣢࡘࡼ࠺࡟࡞ࡿࠋࡘࡲࡾ P ࡣ














ࡉ࡚㸪ධᑕ㟁ሙ࡜ࡋ࡚ E0࡟ຍ࠼࡚ࡑࢀࡒࢀ᣺ືᩘࡀZ1࠾ࡼࡧZ2ࡢ E1࡜ E2ࡀධᑕࡋ㸪ࡇ
ࢀࡽࡢ㸱ࡘࡢἼࡢ┦஫స⏝࡛ศᴟ P ࡀㄏ㉳ࡉࢀࡿሙྜࢆ⪃࠼ࡼ࠺ࠋࡍࡿ࡜㸦1㸧ᘧࡣ










(Coherent Stokes Raman Scattering, CSRS)࡜࿧ࡪࠋ㏻ᖖ㸱ࡘࡢ࿘Ἴᩘࡢ␗࡞ࡿ࣮ࣞࢨ࣮ග
ࢆ‽ഛࡍࡿࡢࡣ኱ኚ࡞ࡢ࡛㸪E0ࡢ࿘Ἴᩘࢆ E1ࡲࡓࡣ E2ࡢ࿘Ἴᩘ㸦Z1 ࡲࡓࡣZ2㸧࡟୍⮴ࡉࡏ
ࡿࡇ࡜ࡀከ࠸ࠋࡇࡢ࡜ࡁ㸪ྛගἼࡢ఩┦ࡶ⪃៖ࡋ࡚(2)ᘧࢆ᭩ࡁ┤ࡍ࡜
CARS : P (Z1㸩GZ=ȘE1 (Z1)E1 (Z1)E2* (Z2)  (Z1㸩GZ㸻Z1㸩Z1㸫Z2㸪Z1㸼Z2)  㸦3a㸧
CSRS : P (Z2㸫GZ=ȘE1* (Z1)E2 (Z2) E2 (Z2)   (Z1㸫GZ㸻Z2㸩Z2㸫Z1㸪Z1㸼Z2)  㸦3b㸧
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ࡇࡇ࡛ E*ࡣࡑࡢගἼࡢ఩┦ࡀ E࡟ᑐࡋ࡚ 180 ᗘࡎࢀ࡚࠸ࡿ㸦」⣲ඹᙺ࡛࠶ࡿ㸧ࡇ࡜ࢆ♧ࡍࠋ
㸦3a㸧ᘧ࡛⾲ࡉࢀࡿ CARS ࡣ㸪ศᏊ㸦ࡲࡓࡣ᱁Ꮚ᣺ື㸧ࡀZ1 ࡜Z2 ࡢගᏊ࡜┦஫స⏝ࡋ㸪3
ḟࡢ㠀⥺ᙧගᏛ㐣⛬࡛࿘ἼᩘZ1㸩GZ㸦㸻Z1㸩Z1㸫Z2㸧ࡢගᏊࢆ⏕ᡂࡍࡿ㐣⛬࡟┦ᙜࡍࡿࠋ㸦3b㸧
ᘧ࡛⾲ࡉࢀࡿ CSRS ࡣ㸪ศᏊ㸦ࡲࡓࡣ᱁Ꮚ᣺ື㸧ࡀZ1 ࡜Z2 ࡢගᏊ࡜┦஫స⏝ࡋ㸪3 ḟࡢ㠀
⥺ᙧගᏛ㐣⛬࡛࿘ἼᩘZ1㸫GZ㸦㸻Z2㸩Z2㸫Z1㸧ࡢගᏊࢆ⏕ᡂࡍࡿ㐣⛬࡟┦ᙜࡍࡿࠋࢥࣄ࣮ࣞ
ࣥࢺ࣐ࣛࣥᩓ஘࡟ࡣ CARS ࡜ CSRS ࡢ࡯࠿࡟㸪ศᏊ㸦ࡲࡓࡣ᱁Ꮚ᣺ື㸧ࡀZ1࡜Z2 ࡢගᏊ࡜
┦஫స⏝ࡋ㸪3 ḟࡢ㠀⥺ᙧගᏛ㐣⛬࡛࿘ἼᩘZ1㸦㸻Z1㸫Z2㸩Z2㸧ࡢගᏊࡀᾘ⁛ࡍࡿ㏫࣐ࣛࣥ
ᩓ஘(Inverse Raman Scattering, IRS)㸪࠾ࡼࡧศᏊ㸦ࡲࡓࡣ᱁Ꮚ᣺ື㸧ࡀZ1࡜Z2 ࡢගᏊ࡜
┦஫స⏝ࡋ㸪3 ḟࡢ㠀⥺ᙧගᏛ㐣⛬࡛࿘ἼᩘZ2㸦㸻Z2㸩Z1㸫Z1㸧ࡢගᏊࡀ⏕ᡂࡍࡿㄏᑟ࣐ࣛ
ࣥ฼ᚓᩓ஘(Stimulated Raman Gain Scattering, SRGS)ࡀ࠶ࡿࠋࡑࢀࡒࢀࡢᩓ஘㐣⛬࡟ᑐ
ᛂࡍࡿ㠀⥺ᙧศᴟࡣḟࡢᘧ࡛⾲ࡉࢀࡿࠋ
IRS : P (㸫Z1=ȘE1* (Z1)E2 (Z2)E2* (Z2)  (㸫Z1㸻㸫Z1㸩Z2㸫Z2㸪Z1㸼Z2)   㸦3c㸧
SRGS : P (Z2=ȘE2 (Z2)E1 (Z1)E1* (Z1)  (Z2㸻Z2㸩Z1㸫Z1㸪Z1㸼Z2)     㸦3d㸧
IRS ࠾ࡼࡧ SRGS ࡣ㸪ධᑕἼ E1࠿ࡽ E2࡬࢚ࢿࣝࢠ࣮ࡀኚ᥮ࡍࡿ㐣⛬ࡢ⿬࡜⾲࡟ᑐᛂࡋ࡚
࠸ࡿࠋࡍ࡞ࢃࡕ㸪ㄏᑟ࣐ࣛࣥᩓ஘㐣⛬㸦ࡼࡾ୍⯡ⓗ࡟ࡣ 4 ගἼΰྜ㐣⛬㸧࡟ࡼࡾ㸪Z1 ࡢග
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ᅗ 2 ࡟᫬㛫㡿ᇦࢥࣄ࣮ࣞࣥࢺ࣐ࣛࣥศග⿦⨨ࡢᶍᘧᅗࢆ♧ࡍࠋບ㉳ග※࡟ࡣ 1 kHz ⧞ࡾ㏉
ࡋࡢࢳࢱࣥࢧࣇ࢓࢖࢔࣮ࣞࢨ࣮෌⏕ቑᖜჾ㸦୰ᚰἼ㛗⣙ 800 nm㸪ࣃࣝࢫᖜ⣙ 120 ࣇ࢙࣒ࢺ
⛊㸧ࢆ౑⏝ࡋࡓࠋࣇ࢙࣒ࢺ⛊࣮ࣞࢨ࣮ࡣࡲࡎ㸪Pump ග࡜ Probe ග࡟ศࡅࡽࢀࡓ࠶࡜㸪Pump
ගࡣ Stretcher㸦ᅇᢡ᱁Ꮚ࡜ࣞࣥࢬᑐ࡛ᵓᡂ㸧࡟ࡼࡾṇࡢ⩌㏿ᗘศᩓࡀ୚࠼ࡽࢀ㸪⣙ 20 ps
⛬ᗘ࡟ࡲ࡛ᘏఙࡋࡓ࿘Ἴᩘࢳ࣮ࣕࣉࣃࣝࢫ࡜࡞ࡿࠋ࿘Ἴᩘࢳ࣮ࣕࣉࡋࡓ Pump ගࡣ࣐࢖ࢣ
ࣝࢯࣥᆺࡢᖸ΅ィ࡟ࡼࡾ Pump1 ࡜ Pump2 ࡟ศࡅࡽࢀ㸪┦ᑐⓗ࡞᫬㛫㐜ᘏ'Wࡀ୚࠼ࡽࢀࡓ
࠶࡜㸪෌ࡧ㔜ࡡྜࢃࡏࡽࢀࡿࠋPump1 ࡜ Pump2 ࡜ࡢᖸ΅࡟ࡼࡾ㸪Pump ග࡟ࡣගࣅ࣮ࢺ
㸦࠺࡞ࡾ㸧ࡀ⏕ࡌ㸪ࡑࡢ࿘Ἴᩘࡣ'W࡟౫Ꮡࡋࡓ Pump1 ࡜ Pump2 㛫ࡢᕪ࿘Ἴᩘ࡛Ỵࡲࡿࠋ
ࡇࡢගࣅ࣮ࢺࢆヨᩱ࡟ධᑕࡉࡏࡓ࠶࡜㸪Compressor ࡛㸪ࡶ࡜ࡢࣇ࢙࣒ࢺ⛊ࣃࣝࢫ࡟ᡠࡍࠋ
CARS ಙྕࡣ᫬㛫㡿ᇦ࡛ Pump1 ࡟ᑐࡋ࡚㸪Pump2 ࡜཯ᑐഃࡢ᫬㛫㡿ᇦ࡟'Wࡔࡅ㞳ࢀࡓ࡜
ࡇࢁ࡟⌧ࢀࡿࡢ࡛㸪ࡇࢀࢆ㠀⥺ᙧගᏛ⤖ᬗ(BBO ⤖ᬗ)୰࡛ Probe ග(ಙྕග࡜ࡢ┦ᑐ㐜ᘏ᫬
㛫ࢆW1࡜ࡍࡿ)࡜ࡢ࿴࿘ἼⓎ⏕(SFG)࡟ࡼࡾἼ㛗⣙ 400nm ࡢග࡟ኚ᥮ࡍࡿࠋἼ㛗ኚ᥮ࡉࢀࡓ
ಙྕගࡣ GaP ࣇ࢛ࢺࢲ࢖࣮࢜ࢻࡲࡓࡣࣇ࢛ࢺ᳨࣐࡛ࣝฟࡍࡿࠋ ᐃࡢឤᗘࢆ㧗ࡵࡿࡓࡵ㸪
Pump1 ࡲࡓࡣ Pump2 ࢆගࢳࣙࢵࣃ࣮࡛ኚㄪࡋ㸪᳨ฟჾ࠿ࡽࡢಙྕࢆࣟࢵࢡ࢖᳨ࣥἼࡍࡿࠋ
㏫࣐ࣛࣥಙྕࢆ᳨ฟࡍࡿሙྜࡣ㸪Ἴ㛗ኚ᥮ࡉࢀࡓ Pump1 ࡢ Pump2 ࡟ࡼࡿᙉᗘኚ໬ࢆ㸪





GaSe ༢⤖ᬗ(c ㍈࢝ࢵࢺ㸪ཌࡉ 1 mm)ࡢ CARS ࢫ࣌ࢡࢺࣝࢆ ᐃࡋࡓ⤖ᯝࢆᅗ 3 ࡟♧ࡍ
[12]ࠋ0.6 THz ௜㏆࡟ GaSe ࡢගᏛࣇ࢛ࣀࣥ(c ㍈࡟ᆶ┤࡞㠃ࡢࢫࣛ࢖ࢻ᣺ື࡟ᑐᛂࡋࡓ࣮ࣔ






ḟ࡟㏫࣐ࣛࣥศග࡟ࡼࡾ GaSe ࢆ ᐃࡋࡓࠋࡑࡢ⤖ᯝࢆᅗ 4 ࡟♧ࡍࠋ0.6 THz ௜㏆㸪࠾ࡼ
ࡧ 4 THz ௜㏆࡟ගᏛࣇ࢛ࣀࣥ࡟ࡼࡿඹ㬆ࣆ࣮ࢡࡀほ ࡉࢀ࡚࠸ࡿࡇ࡜ࡀศ࠿ࡿࠋ㏫࣐ࣛࣥ
ಙྕࡣ CARS ಙྕࡼࡾࡶ⣙୍᱆኱ࡁࡃ㸪CARS  ᐃࡢሙྜࡢࡼ࠺࡟ Probe ගࡢගᏛ㐜ᘏW












ไࡍࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡑࡢࡼ࠺࡟ࡋ࡚ ᐃࡋࡓ GaSe ࡢ 0.6 THz ௜㏆ࡢ㏫࣐ࣛࣥࢫ࣌ࢡࢺࣝ






ࢨ࣮㸦~40 fs㸧ࢆ⏝࠸࡚㸪 ᐃᖏᇦࢆ5 TH㹸(~160 cm-1)࠿ࡽ⣙15 THz(㹼500 cm-1)࡟ᣑ኱ࡍࡿ
ࡇ࡜ࡀ࡛ࡁࡓࠋࡲࡓ㸪Pump1࡜Pump2ࢆศ㞳㸪ྜᡂࡍࡿ࣐࢖ࢣࣝࢯࣥᖸ΅ィ㒊ศࡢගᏛ⣔ࡢᶵ
Ეⓗ࡞Ᏻᐃᗘࢆྥୖࡉࡏࡿࡇ࡜࡛㸪௨๓ࡼࡾࡶẚ㍑ⓗᏳᐃ࡟ಙྕ᳨ฟࢆ⾜࠼ࡿࡼ࠺࡟࡞ࡗࡓࠋ




ࡿᑠࡉ࠸ࣆ࣮ࢡࡣ⣙0.6 THz࡟࠶ࡿGaSeࡢ c㍈࡟ᆶ┤࡞㠃㛫ࡢࢫࣛ࢖ࢻ᣺ື࣮ࣔࢻ(E2g mode)㸪
7.9 ps ௜㏆ࡢ᫂░࡞ࣆ࣮ࢡࡣ 4 THz ࡟࠶ࡿ඲ᑐ⛠ගᏛࣇ࢛ࣀ࣮ࣥࣔࢻ㸦A1g mode㸧㸪18.7 ps ௜
㏆ࡢᙅ࠸ࣆ࣮ࢡࡣ 9.3 THz ࡟࠶ࡿ࣐ࣛࣥάᛶ࡞ගᏛࣇ࢛ࣀ࣮ࣥࣔࢻ㸦E2g mode㸧࡛࠶ࡿ[14]ࠋࡇ
ࢀࡽࡢࣂࣥࢻࢆᇶ‽࡜ࡍࡿ࡜㸪㠀ඹ㬆ࣂࢵࢡࢢࣛ࢘ࣥࢻಙྕ㸦4 ගἼΰྜ࡟ࡼࡿ࡜ᛮࢃࢀࡿ㸧ࡀ
15 THz(㐜ᘏ᫬㛫࡛ 30 ps)௜㏆ࡲ࡛ఙࡧ࡚࠾ࡾ㸪 ᐃᖏᇦࡀࡑࡢ࿘Ἴᩘࡲ࡛☜ಖ࡛ࡁ࡚࠸ࡿࡇ࡜
ࡀศ࠿ࡿࠋ
㸴㸬ಙྕᑐ㞧㡢ẚࡢᨵၿ[18,19]
Pump1 ࡜ Pump2 ࡢᖸ΅ගᏛ⣔ࡢᶵᲔⓗᏳᐃᗘࢆቑࡍࡇ࡜࡛㸪ࢥࣄ࣮ࣞࣥࢺ࣐ࣛࣥಙྕࡢᦂ
ࡽࡂࡣ࠶ࡿ⛬ᗘᨵၿࡉࢀࡓࡀ㸪ࡲࡔ⏕యศᏊ࡞࡝ࡢᚤᙅ࡞ಙྕࡋ࠿ᚓࡽࢀ࡞࠸ ᐃᑐ㇟࡟ᑐࡋ࡚
ࡣ㸪ࡑࡢಙྕᑐ㞧㡢ẚ㸦SNR㸧ࡣ༑ศ࡛ࡣ࡞࠸ࠋࢥࣄ࣮ࣞࣥࢺ࣐ࣛࣥᩓ஘࠾ࡼࡧ ᐃ࡟⏝࠸ࡓ





ࣝࡣ ᐃ᫬㛫ෆࡢࢩࣙࢵࢺᩘ N ࡢᖹ᪉᰿㏫ᩘ࡟ẚ౛ࡋ࡚ῶᑡࡍࡿࠋࡓ࡜࠼ࡤ㸪100 MHz ⧞
ࡾ㏉ࡋࡢ࣮ࣞࢨ࣮࡛㸪᫬ᐃᩘ 100 ms ࡢ ᐃࢆ⾜࠺࡜㸪ࢩࣙࢵࢺࡈ࡜ࡢಙྕ࡟ 10㸣ࡢᦂࡽࡂ
ࡀ࠶ࡗࡓ࡜ࡋ࡚ࡶ㸪100 ms ࡢ㛫࡟ N = 107ᅇࡢࢩࣙࢵࢺᩘࡀ࠶ࡿࡓࡵ࡟㸪ᦂࡽࡂ࡟ࡼࡿ㞧
㡢ࡣ 10㸣/(107㸧1/2 㹼0.003%࡟ῶᑡࡍࡿࠋࡋ࠿ࡋ㸪⌧ᅾග※࡟⏝࠸࡚࠸ࡿࣇ࢙࣒ࢺ⛊࣮ࣞࢨ
186 187
࣮ࡢ෌⏕ቑᖜჾࡣ⧞ࡾ㏉ࡋࡀ 1 kHz ࡛࠶ࡿࡓࡵ㸪100ms ࡢ㛫࡟ࢃࡎ࠿ N = 100 ᅇࡢࢩࣙࢵ
ࢺᩘ࡛࠶ࡿࡓࡵ㸪10%ࡢᦂࡽࡂ࡟ࡼࡿ㞧㡢ࡣ 10㸣/(100㸧1/2 㹼1%࡟ࡋ࠿ῶᑡࡋ࡞࠸ࠋᐇ㝿࡟
ࡣࢥࣄ࣮ࣞࣥࢺ࣐ࣛࣥಙྕࡣᩘ 10㸣⛬ᗘᦂࡽ࠸࡛࠾ࡾ㸪㏻ᖖࡢ 100 ms ⛬ᗘࡢ᫬ᐃᩘ࡛ࡣ㸪
ᦂࡽࡂࡼࡿࣀ࢖ࢬࡣᩘ㸣௨ୗ࡟ࡣῶᑡࡋ࡞࠸ࠋ᫬ᐃᩘ T ࢆ኱ࡁࡃ࡜ࡿࡇ࡜࡛ SNR ࡣᨵၿࡉ





ࡿࠋᅗ 7 ࡟㏻ᖖࡢ࣮ࣔࢻྠᮇࢳࢱࣥࢧࣇ࢓࢖࢔࣮ࣞࢨ࣮㸦⧞ࡾ㏉ࡋ 82 MHz, ୰ᚰἼ㛗 800 
nm㸪ࣃࣝࢫᖜ⣙ 80 fs㸪ࢫ࣌ࢡࢺࣛࣇ࢕ࢪࢵࢡࢫ♫ Tsunami ࢩࢫࢸ࣒㸧ࢆ⏝࠸࡚ ᐃࡋࡓ
CS2㸦஧◲໬Ỉ⣲㸧ࡢ㏫࣐ࣛࣥಙྕࡢ ᐃ⤖ᯝࢆ♧ࡍࠋPump1 ࡜ Pump2 ࡢྜィᖹᆒࣃ࣮࣡
ࡣ⣙ 42 mW ࡛㸪Pump ගᙉᗘ㸦㠃✚ᙜࡓࡾࡢ Pump ࣃ࣮࣡㸧ࢆୖࡆࡿࡓࡵ 40 ಸࡢᑐ≀ࣞ
ࣥࢬࢆ⏝࠸࡚ヨᩱࢆບ㉳ࡋࡓࠋPump2 ࡢ SFG ಙྕࢆ GaP ࣇ࢛ࢺࢲ࢖࣮࢜ࢻ᳨࡛ฟࡋ࡞ࡀ
ࡽࠊPump2 ࡟ග Chopper ࡛ኚㄪࢆ࠿ࡅࠊPump2 ࡟ࡼࡿ Pump1 ࡢ SFG ಙྕࡢቑῶࢆࣟࢵ
ࢡ࢖᳨ࣥฟࡋࡓࠋPump1 ࡜ Pump2 ࡢ┦ᑐ᫬㛫㐜ᘏࡣ 2.5 ps ࡛㸪࣐ࣛࣥ࿘Ἴᩘ⣙ 1.2 THz
ࡢ㠀ඹ㬆ಙྕ࡟ᑐᛂࡋࡓಙྕࡀᅗ୰⣙6 psࡢPump1࡟ᑐᛂࡋࡓ᫬㛫఩⨨࡛ほ ࡉࢀ࡚࠸ࡿ
㸦ᕥഃ⣙ 3.5ps ࡢᙉ࠸ಙྕࡣ Pump2 ࡢ SFG ಙྕ࡛࠶ࡿ㸧ࠋPump1 ࡜ Pump2 ࡢ┦ᑐ᫬㛫㐜












Pump2 ࡢ┦ᑐ᫬㛫㐜ᘏ㉮ᰝ⣔ࡢᶵᲔⓗᏳᐃᗘࡢᨵၿ࡜࡜ࡶ࡟㸪(i) probe ගࡢ⮬ᕫ SHG ࢆ
ཧ↷ග࡟⏝࠸ࡓಙྕࡢᕪศ㸪ࡶࡋࡃࡣࣂࣛࣥࢫ᳨ฟ㸪࠾ࡼࡧ(ii) Pump1 ࡜ Pump2 ࡢᖸ΅ィ
ࡢග㊰㛗࡟ኚㄪࢆ࠿ࡅ࡚㸪Pump1 ࡜ Pump2 ࡢ᫬㛫㐜ᘏ࡟ᑐࡍࡿᚤศಙྕ㸦࿘Ἴᩘ㡿ᇦ࡛
ࡣ࿘Ἴᩘᚤศ࡟┦ᙜ㸧ࢆᚓࡿࡇ࡜ࢆヨࡳࡿணᐃ࡛࠶ࡿࠋ
ᮏ◊✲ሗ࿌ࡣ㸪㇂ṇᙪ㸪ᒣᮏ᫭ྖ㸸ࠕࣇ࢙࣒ࢺ⛊࣮ࣞࢨ࣮ࢆບ㉳ග※࡟⏝࠸ࡓࢸࣛ࣊ࣝࢶᖏ
ࢥࣄ࣮ࣞࣥࢺ࣭࣐ࣛࣥศගᡭἲࡢ㛤Ⓨ 㸪ࠖග࢔ࣛ࢖࢔ࣥࢫ➨  ᕳ➨ ྕ㸪≉㞟ࠕග࡜㟁Ἴࡢ
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IRS (Inverse Raman䠈㏫䝷䝬䞁 )
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ᅗ 3. GaSe ࡢ 0.6THz ௜㏆ࡢගᏛࣇ࢛ࣀࣥࣂࣥࢻࡢ CARS ࢫ࣌ࢡࢺࣝࠋ
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ᅗ 5㸬GaSe ࡢ 0.4㹼1THz 㡿ᇦࡢ೫ග㏫࣐ࣛࣥࢫ࣌ࢡࢺࣝ
190 191
















ᅗ 6. ࣃࣝࢫᖜ⣙ 40 fs ࡢࣇ࢙࣒ࢺ⛊࣮ࣞࢨ࣮࡟ࡼࡾ ᐃࡋࡓ
GaSe(c -cut㸪ཌࡉ 1 mm)ࡢ㏫࣐ࣛࣥࢫ࣌ࢡࢺࣝ
ᅗ.7 CS2ࡢ᫬㛫㡿ᇦ㏫࣐ࣛࣥಙ 㸦ྕᅗྑഃ㹼6 ps ࡢ㯮⥺ࡢಙྕ㸧ࠋ3.5 ps
௜㏆ࡢࣆ࣮ࢡࡣ Pump2 ࡢ SFG ಙྕࠋᅗ୰ࡢ㟷⥺㸦Pump1㸧ࡣ Pump2
ࢆ࢝ࢵࢺࡋࡓሙྜࡢಙྕ࡛ࠊ㉥⥺㸦Pump2㸧ࡣ Pump1 ࢆ࢝ࢵࢺࡋࡓሙ
ྜࡢಙྕࠋ
burst 
0.6THz 
(E2g)
4 THz
(A1g)
9.3 THz
(E2g)
192 193
